Temporary ponds are habitats that undergo periods of drying and flooding. 
INTRODUCTION
Temporary ponds are habitats with a predictable annual dry phase of 3-8 months, usually during summer and autumn (Ward, 1992) . According to Williams (1997) , temporary ponds can be classified as intermittent (with a seasonal cyclic pattern of dryness and flooding) or episodic (unpredictably flooded). Due to their small size and shallowness these ecosystems are endangered (Collinson et al., 1995) . Small changes in hydrological regimes can greatly impact the ecological regime of temporary ponds (Zacharias et al., 2007) and it is expected that the reduction of rainfall due to climate change will affect their hydrology . Temporary ponds have been neglected for years and nowadays are seriously affected by human activities such as agriculture, urbanization, etc. The inclusion of Mediterranean temporary ponds (3170) as a priority habitat for conservation in the Habitats Directive (European Commission, 1992) highlighted the importance of these ecosystems and the need to conserve them.
According to Boix et al. (2001 Boix et al. ( , 2004 , hydroperiod is one of the main factors affecting the composition and structure of aquatic assemblages. Temporary ponds support biological communities different to those that inhabit permanent ones. Although these ecosystems usually support lower species richness than permanent ones, several studies have demonstrated the importance of temporary ponds for rare and endangered invertebrate species (Collinson et al., 1995; Standen, 1999; Della Bella et al., 2005) .
During the hydroperiod, the faunal composition goes through different phases of succession. The successional patterns in temporary aquatic environments have been dealt in different papers (Williams, 1983; Lake et al., 1989; Lahr et al., 1999; Bazzanti et al., 1996; Boix et al., 2004; Culioli et al., 2006) . Besides, studies based on a taxonomic approach show the temporal changes of the assemblages related to the different life-history strategies of the organisms, such as dispersion or resistance to dry periods (Wiggins et al., 1980) .
Organisms that live in temporary waters are adapted to survive under temporary drought conditions, sometimes being exclusive to these ecosystems (Williams, 2006) . They have developed morphological adaptations, life cycles and dispersion mechanisms which make them survive in dry seasons. Invertebrates of temporary ponds usually exhibit traits of r-selected species, especially great dispersal ability, rapid growth, short life-span, small size, and opportunistic/generalistic feeding (Williams, 1997) . Based on the four groups proposed by Wiggins et al. (1980) , aquatic organisms have two strategies to survive dry periods: to pass the dry phase via resistant life stages or to actively migrate when water disappears. Among the invertebrates living in temporary ponds, the richest and most abundant groups are insects and crustaceans (Boix et al., 2001) . Insects are characterized by active dispersion, while crustaceans and other groups such as snails or annelids can be considered passive dispersers.
In Spain, studies focused on temporary ponds have been mainly carried out in the Mediterranean region (Boix et al., 2001 (Boix et al., , 2004 Fernández et al., 2009; Florencio et al., 2009 Florencio et al., , 2012 Díaz-Paniagua et al., 2010; Garmendia and Pedrola-Monfort, 2010) . In Galicia (NW Spain) there are no studies dealing with the biology and ecology of temporary ponds. Thus, this work constitutes the first attempt to explain the effect of natural drought on aquatic invertebrate fauna in this region.
The present paper deals with the faunistic succession of macroinvertebrate assemblages in temporary ponds. The aims of this study were to assess the effect of dry period on the faunal composition of the studied fauna and to analyse the differences between two periods, before and after the dry phase.
METHODS

Study area
Two temporary ponds classified as intermittent waters according to Williams (1997) were studied: Sacra de Olives and A Veiga da Pencha. Both of them are protected under the Natura 2000 network. These ponds are located in the Autonomous Community of Galicia (North-Western Spain) (Fig. 1) . The climate in this region is warm temperate, with dry summers and mild temperature (Kottek et al., 2006) . This territory belongs to the Atlantic and Mediterranean biogeographical regions, with a total area of 29,574 km 2 and more than 1200 km of coastline distributed between the Atlantic Ocean and the Cantabrian Sea. Altitude ranges from the coast to more than 2000 m in the mountains.
A Veiga da Pencha (VP) is a Mediterranean pond of 
Sampling
The survey was carried out monthly during a year, from April 2010 to March 2011. The two ponds dried between July and October, so they were sampled 8 times each. Thus, we sampled in two periods: after the dry phase, corresponding to the end of the hydroperiod (AprilJune 2010), and before the dry phase, corresponding to the beginning of the next hydroperiod (November 2010-March 2011). The dry period (July-October 2010) can be considered as normal, because these ponds usually remain dry three or four months every summer. Aquatic macroinvertebrates were collected using an entomological net (500 µm mesh, 30 cm diameter and 60 cm deep). Sampling was time-limited. Three minutes total sampling time for each wetland was split equally between different meso-habitat types . The material was preserved in 99% ethanol, and sorted out and identified at the laboratory. Macroinvertebrates were identified to the lowest possible taxonomic level, mostly to species or genus level. All individuals are deposited in the collection of the Aquatic Entomology Lab of the University of Vigo.
Data analysis
To achieve the aims, we analysed changes in faunal composition related to taxa, functional feeding groups and survival strategies.
Macroinvertebrates were classified into different functional feeding groups according to the literature (Merritt and Cummins, 1996; Nilsson, 1996 Nilsson, , 1997 Tachet et al., 2002) . Organisms were also classified based on the biological trait of the resistance form according to Tachet et al. (2002) in order to know which strategies they follow to survive dry periods in the studied ponds: i) resting eggs; ii) cocoons; iii) building refugia; iv) diapause; v) none. For statistical analyses, biotic data were transformed via square root transformation to reduce the weight of very abundant species. Analyses were carried out on global abundances of macroinvertebrate taxa using the statistical package PRIMER (ver. 6, PRIMER-E Ltd). Similarity relationships among aquatic macroinvertebrate assemblages in all samples of each pond were determined by the BrayCurtis coefficient. Similar groups in terms of aquatic macroinvertebrate composition were identified by Cluster analysis (group average mode) and graphically presented using Non-metric Multi-Dimensional Scaling (NMDS) mapped in two dimensions. Analysis of similarity (ANOSIM) was used to test whether the established groups based on biotic data differed significantly.
To investigate the groups' consistency the SIMilarity PERcentages-species contributions (SIMPER) analysis was used to obtain differences between all pairs of groups and the contribution of each species for the groups in the two ponds. SIMPER examines the contribution of each species to the average Bray-Curtis dissimilarity between groups of samples and also determines the contribution to similarity within a group (Clarke and Warwick, 2001 ). This analysis would help us to know which taxa were dominant before and after the dry period in each pond.
RESULTS
A total of 7225 individuals belonging to 93 macroinvertebrate taxa were collected. In VP 78 taxa were captured during the study, while in SO 37 taxa were captured. In general, the most representative and abundant group was insects (27 taxa), especially Coleoptera (8 families), and Odonata, Hemiptera and Diptera (5 families). Regarding the other faunal groups, four families of Oligochaeta, three Crustacea, three Hirudinea, three Mollusca, one Nematoda and one Acari were recorded (Tab. 1). According to the biological traits, most of the taxa resist the dry season with resting eggs (e.g., Lepidurus apus (L.), Tanymastix stagnalis Daday), cocoons (e.g., Oligochaeta) or no resistance strategy (e.g., most Coleoptera species). Changes before and after the dry period in VP were not significant. On the contrary, in SO before the dry phase almost all of the taxa presented no resistance strategy, while after the dry period, taxa with other strategies (resting eggs, cocoons) were captured (Fig. 2) . Considering the functional feeding groups, predators (44%) and shredders (18%) were the dominant groups in both ponds. In SO, after the dry period predators, shredders and scrapers decreased, gatherers increased, and filterers and piercers appeared. The same occurred in VP, with the exception of predators. Although this group presented a lower number of taxa after the dry phase than before, its percentage increased proportionally (Fig. 3) . Two groups were found in both ponds based on the Cluster analyses (Fig. 4) , which showed the clear separation of the samples before and after the dry period. The NMDS ordination shows the spatial distribution of all samples and grouping according to faunal similarity (Fig. 5) . The stress obtained with the ordination was <0.05, which ensures good consistency of results. According to the ANOSIM, the established groups (before and after dry period) were significantly different to each other in both ponds (VP, Global test: R=0.93, P=0.018, 999 permutations; SO, Global test: R=0.6, P=0.018, 999 permutations).
The contribution of the taxa to each group of each pond according to the SIMPER analysis is given in Tab. 2. In VP, similarity within groups ranged from 36.53% (before) to 46.26% (after) and the mean dissimilarity between groups was 73.40%. Many faunal groups contributed to group similarity before and after the dry period, especially crustaceans (Asellidae) and several insect taxa (Odonata, Trichoptera, Diptera, Hemiptera). In SO, the similarity within groups ranged from 37.41% (before) to 44.26% (after) and the mean dissimilarity between groups was 72.18%. The faunal groups that most contributed to group similarity before the dry period were beetles and bugs, while after the dry period they were mainly insects (Diptera, Coleoptera), mites and crustaceans (T. stagnalis).
Some faunal groups were more abundant before the dry phase and others in the first months after it. After, 25 species of aquatic Coleoptera disappeared from VP, and only three taxa were collected during the whole wet period of the pond (Orthocladiinae, Hesperocorixa sahlbergi (Fieber) and Limnephilus sp.). On the other hand, no crustaceans were collected in SO before the dry period, but the branchiopod Tanymastix stagnalis (Linnaeus) was relatively abundant after the dry season. This species colonized the pond in the first phases of the filling and after they disappeared. Hemiptera almost disappeared after the dry period. The only taxon present during the whole wet phase of the pond was the beetle Dryops striatellus (Fairmaire & Brisout). Both ponds presented several exclusive taxa that were not found in the other pond. Mollusca, Platyhelminthes, Odonata, Culicidae, L. apus, Stylaria la- 
DISCUSSION
The statistical analyses showed significant differences in both ponds between the two periods (before and after the dry period). This means that the assemblages change and the faunal composition is not the same after the dry period, representing a succession process. Some species were not found after the dry period in either pond, although they were very abundant in the samplings before the drying season. The lack of species with great dispersal ability (e.g., Coleoptera or Hemiptera) could be due to randomness. These species leave the unfavourable habitat searching for better conditions, but this does not mean they are going to return to the same water body when conditions improve. Normal succession process can explain changes in faunal composition in the studied ponds. The results obtained in this study are according to other described for temporary ponds in Mediterranean regions (Boix et al., 2004; Culioli et al., 2006) , specially related to dominant groups and functional traits.
According to the SIMPER analysis, in VP the most contributive taxa were mostly insects and crustaceans. Before the dry phase, Asellidae were the most predominant whereas after it, H. sahlbergi was. In SO the most contributive groups before the dry period were Coleoptera and Hemiptera, while after it, they were mostly dipterans (Orthocladiinae) and coleopterans (D. striatellus). This is an expected result since these groups (insects and crustaceans) are the largest ones in this type of habitat (Boix et al., 2001) and confirms the differences in the assemblage composition between the two periods.
In general, both ponds showed a high abundance of passively dispersing groups like molluscs and oligochaetes. This result agrees with Porst et al. (2012) , Vanschoenwinkel et al. (2009) , passive dispersers are more affected by the hydroperiod than active ones due to their low dispersal ability, which makes them, in general, permanent inhabitants of temporary ponds. In contrast, some groups, like Coleoptera, Hemiptera, Ephemeroptera and most Chironomidae, are considered cyclic colonizers that inhabit temporary habitats during the wet phase and migrate to permanent systems to avoid dry conditions (Williams, 1987) . Regarding feeding traits, predators and shredders were the dominant groups. This result agrees with those obtained by Culioli et al. (2006) in a temporary pond in Corsica. However, there was a change in the trophic organization of both ponds. Before the dry period the assemblages were dominated by predators and shredders, and after the dry period these groups diminished and gatherers and filterers increased in number. Culioli et al. (2006) also found a negative correlation between shredders and flooding (filling phase), but contrary to our results, they obtained a positive correlation between predators and flooding. Feeding strategies reflect the adaptation of organisms to the habitat (Statzner et al., 2001) . According to Barbour et al. (1999) , in stress conditions there is an imbalance between trophic groups, the specialist groups being more sensitive to changes in food availability. Besides, the length of hydroperiod is among the main stressors in temporary freshwater ecosystems (Waterkeyn et al., 2008) , so a change in the trophic structure is expected.
The dominant group in the studied ponds were insects. Among them, Coleoptera and Hemiptera were the dominant groups, along with Chironomidae (Orthocladiinae). These results agree with other studies in temporary ponds (Eyre et al., 1992; Boix et al., 2001; Nicolet et al., 2004; Bilton et al., 2009) . Dytiscidae and Hydrophilidae were the most diverse water beetle families. Both of them are considered typical of stagnant waters (Ribera et al., 2003) and present great dispersal ability due to the instability of these ecosystems (Ribera and Vogler, 2000) . Helophoridae were also important in SO, especially the species Helophorus flavipes Fabricius. Species in this family are commonly found in temporary habitats (Bilton et al., 2009; Porst et al., 2012; Pérez-Bilbao et al., 2014) . On the other hand, Corixidae and Notonectidae were the most diverse Hemiptera families. As in the case of the mentioned water beetle families, these hemipterans are also common inhabitants of temporary ponds (Boix et al., 2001; Nicolet et al., 2004; Culioli et al., 2006; Florencio et al., 2009) . Temporary ponds often host rare or unique species, some of them typical of these habitats, which highlights the importance of this type of ecosystem for the maintenance of biodiversity on a regional scale. Sev- Brahm) and Hydroporus brancoi brancoi Rocchi, which are little cited in the Iberian Peninsula, while Sigara lateralis (Leach) is widely distributed in the Iberian Peninsula but rare in Galicia. The latter is considered a pioneer species that appears in the re-filling phase (Boix et al., 2001) . Another pioneer species collected in SO was Berosus signaticollis (Charpentier), which remains embedded in the sediment to complete its life cycle (Boix et al., 2001) , although in SO it was barely captured in the re-filling phase (from November onwards) and in VP it was not found after the dry period. In VP we found a different assemblage composition to that observed in SO. In this pond two Odonata species typical of temporary habitats were recorded, Lestes dryas Kirby and Sympetrum sanguineum (Muller). These two species can complete their life cycles before the habitat dries out. Both of them appeared almost exclusively before the dry phase, L. dryas being very abundant. Porst et al. (2012) also found them in Irish turloughs before the drying season. Other species barely recorded in the Iberian Peninsula were collected in VP, such as Hesperocorixa moesta (Fieber), Sigara limitata (Fieber), A. labiatus, Liopterus atriceps Sharp or Graptodytes bilineatus (Sturm). Some of these species are Iberian endemics, like Sigara janssoni Lucas, Helophorus bameuli Angus or Graptodytes castilianus Fery. So, their presence in this temporary pond is especially interesting as its natural value is increased. The fact that the aquatic beetle Hydraena rugosa Mulsant was captured should be highlighted. This species is little cited in the Iberian Peninsula but when found it is usually collected in high abundance (Valladares et al., 2002) . In this study, only one individual was captured, while it appeared in high abundance in previous surveys conducted in this area (Pérez-Bilbao et al., 2010) .
Two interesting species of crustaceans were collected during the surveys, Tanymastix stagnalis and Lepidurus apus. T. stagnalis inhabits small temporary ponds with low mineralization and clear water. In this study, it was recorded in SO in November and December, and then disappeared. This agrees with other studies (Culioli et al., 2006) , in which the species appears in the re-filling phase and then disappears. It is not very frequent in the Iberian Peninsula and it survives dry periods with resting eggs (Alonso, 1996) . L. apus lives in small temporary waters, such as flooded roadsides and ditch widenings and backwaters, always with aquatic vegetation. According to Alonso (1996) , it is typical of low mineralized, dystrophic and, in general, clear waters. This crustacean is a rare species in the Iberian Peninsula and in this study only one specimen was captured in VP in spring, although it was captured in abundance in a study conducted in different water bodies near the study area (Garrido and Gayoso, 2002) .
It is also important to note that the two ponds showed a different pattern, both in terms of species richness and faunal composition and with different successional patterns. In general, VP presented higher richness values than SO. In this aspect, different reasons could explain the differences found. One of the most likely is the proximity of the VP to the Limia River and other temporary ponds, which facilitates the mobility of the taxa between water bodies. On the other hand, SO is an isolated pond, distant to other freshwater ecosystems, which makes colonization more difficult. Several authors have addressed the importance of connectivity between aquatic habitats for biodiversity conservation (Briers and Biggs, 2005; Van de Meutter et al., 2006; Florencio et al., 2009) .
Regarding faunal composition, it should be noted that although the two ponds are temporary and show similar hydroperiod, they host different species, some of them endemic or rare at regional or national scale. This is an important issue to take into account when elaborating management measures to ensure the protection of all temporary habitat types.
CONCLUSIONS
We have to highlight that the discrimination of both effects (succession and dry period) could be only achieved comparing two complete hydroperiods, one before the dry phase (autumn 2009-early summer 2010) and one after it (autumn 2010-early summer 2011). However, we could not explain it, because the aim of the work was to study these ponds along one year, with an intermediate dry phase. Therefore, in future studies we recommend studying a complete hydroperiod, starting in the filling phase and ending in the dry phase.
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